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Identification of Maize Drought-Tolerance at Seedling Stage
Based on Leaf Temperature Using Infrared Thermography
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Abstract: [Objective] One efficient approach to enhance plant drought tolerance is to decrease water loss during leaf
transpiration through stoma regulation, which results in the variation of leaf temperature. The objectives of this study were to detect
the relation between leaf temperature variation and biomass accumulation to serve as an evidence for screening the germplasms
tolerant to drought at maize seedling stage under moderate drought stress. [Method] Eighty- three elite maize inbred lines from
China were used to identify the variation of seedling leaf temperature under moderate drought stress. An infrared thermography was
employed to measure leaf temperature. Leaf stomatal conductance and transpiration rate were determined by porometer. Plant
biomass was measured by electronic balance. [Result] Among the measured maize inbred lines at seedling stage under drought
stress, relative biomass weight ranged from 0.271 to 0.997 (relative fresh weight), and from 0.338 to 0.969 (relative dry weight), leaf
temperature difference varied between -0.1-+0.5 ‘C, which reached to significant levels. Under the drought condition, leaf
temperature of drought tolerance lines rose significantly, while those of drought sensitive had not obvious variation. Leaf temperature
difference between drought stress and well-watered conditions showed a significant positive correlation with relative fresh biomass
(0.283*, 0.288**, n=83) and relative dry biomass (0.239*, 0.273**, n=83). Significant correlations of leaf temperature difference
with stomatal conductance and transpiration rate were also detected. [Conclusion] Transpiration rate was one of the main causes
affecting leaf temperature variation and stomatal behaviour served as an important regulation in leaf temperature response to water
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stress. Under drought stress, leaf temperature difference can reflect the capability of drought tolerance of maize significantly. It was

feasible that infrared thermography could be adopted in screening drought-tolerance germplams at maize seedling stage and

accelerates the breeding effect for drought-tolerance as an assistant means.
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Table 1 Drought tolerant index of biomass, leaf temperature difference and their coefficient of variance of maize inbred lines in the
experiments

EEETA R 1 Experiment 1 (2005.9) X5 2 Experiment 2 (2006.4)
Inbred line SFW? SDWP LTD SFW? SDWP LTD
Lx9801 0.855 0.969 0.20 0.997 0.959 0.27
S 31413 Wenhuang31413 0.993 0.998 0.16 0.839 0.904 0.17
H21 1.089 1.218 0.22 0.699 0.806 0.10
S22 0.766 0.881 0.22 0.980 1.195 0.17
5003 0.857 0.935 0.35 - - -
KDY Tiansi 0.962 1.051 0.22 0.691 0.796 0.35
#C Huang C 0.811 1.115 0.22 - - -
#HFPY Huangyesi 0.745 0.856 0.42 0.813 0.989 0.31
#H. Y Huangzaosi 0.911 0.990 0.17 0.623 0.668 0.32
%5 653 Zheng653 0.716 0.836 0.26 0.776 0.888 0.17
446 0.831 0.976 0.20 0.623 0.715 0.09
87-1 0.729 0.818 0.28 0.702 0.780 0.31
YR 1611 Suwan1611 0.828 0.843 0.19 0.595 0.725 0.08
2231 Zong3l 0.627 0.730 0.18 0.788 0.898 0.01
Mo17 0.848 0.840 0.30 0.562 0.822 0.25
7k 137 Sheng137 0.764 0.864 0.14 0.621 0.776 0.13
¥ 63 Ji63 - - - 0.684 0.877 0.03
W 414 Yanal4 0.718 0.821 0.05 0.642 0.626 0.06
77 0.642 0.713 0.20 0.707 0.712 0.20
7% 853 1853 0.526 0.604 0.08 0.823 0.883 0.26
444 0.725 0.754 0.07 0618 0.711 0.00
M0113 0.493 0.610 0.25 0.834 0.981 0.39
J}9046 Dan9046 0.642 0.719 0.10 0.683 0.752 0.31
488 0.621 0.663 0.18 0.699 0.817 0.05
3 Chang3 - - - 0.656 0.751 -0.01
£ 7-2 Chang7-2 0.499 0.602 0.38 0.807 0.879 0.25
i 268 Hai268 0.459 0.539 -0.05 0.842 0.876 0.07
#5812 Yangl2 0575 0.796 0.08 0723 0.835 0.22
7502 Xi502 0.507 0.591 0.12 0.758 0.885 0.23
4112 0.592 0.634 0.36 0.669 0.788 0.27
i 109 Wu109 0.626 0.627 0.10 0.621 0.700 0.16
451 Jiao51 0.692 0.804 0.03 0.541 0.724 0.12
P138 0527 0.682 0.03 0.703 0.805 0.20
# 107 Yel07 - - - 0.612 0.727 0.06
178 0.639 0.712 0.27 0577 0.653 0.19
% 846 1ig46 0.684 0.753 0.08 0523 0.562 0.15
K 17 Huotanghuangl7? 0.520 0.628 -0.02 0.681 0.764 0.02
BT1 0.726 0.864 0.09 0471 0.566 0.03
5311 0.436 0574 0.03 0.756 0.914 0.05
81162 0.769 0.761 0.16 0.392 0.487 -0.07
# 32 Zheng32 0.616 0.721 0.25 0.538 0.640 0.12

# 53 Ji53 0.523 0.667 0.06 0.630 0.740 0.14
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423 1 Continued table 1

HARAIK 14 1 Experiment 1 (2005.9) k% 2 Experiment 2 (2006.4)
Inbred line SFW? SDWP LTD SFW? SDWP LTD
K72 Chang72 0.474 0.581 0.13 0.671 0.753 0.13
K10 0.565 0.567 0.09 - - 0.29
Q1261 0.486 0.568 0.20 0.642 0.680 0.28
23 Zong3 0.541 0.636 0.15 0.586 0.679 0.10
%319 Qi319 0.436 0.545 0.11 0.681 0.798 0.16
J} 599 Dan599 0.481 0.656 0.00 0.626 0.686 0.02
¥ 22 Zheng22 0.469 0.594 0.07 0.630 0.785 0.05
4F1 0.567 0.620 0.19 0.519 0.568 0.04
7205 Qi205 0.414 0.505 0.15 0.671 0.750 0.05
1330 Zi330 0.421 0.490 0.16 0.661 0.745 0.02
48-2 0.537 0.616 -0.05 0.540 0.612 -0.05
F1# 02 Danhuang02 0.536 0.684 0.18 - - -
# 374 Yu374 0.492 0.648 0.16 0.578 0.649 0.12
3H-2 0.561 0.658 0.12 0.497 0.618 0.01
K12 0.494 0.585 0.04 0.558 0.598 0.16
4$i 11 Nongkangll 0.484 0.593 -0.06 0.551 0.582 0.15
% 237 Dong237 0.544 0.616 0.38 0.490 0.570 0.23
B73 0.528 0.628 0.00 0.491 0.569 0.08
B:7922 Tier922 0.414 0.512 0.04 0.603 0.711 0.04
S37 0.522 0.689 0.31 0.492 0.644 0.22
K22 0.462 0.538 0.15 0.549 0.603 0.23
52106 0.504 0.665 -0.07 0.504 0.635 0.02
#1134 Haill34 - - - 0.487 0.526 0.02
478 0.519 0.485 0.09 0.429 0.540 0.01
% 832 Ye832 0.615 0.640 0.14 0.325 0.394 -0.03
J1803 Hu803 0.444 0.545 0.15 0.483 0.554 0.01
7884 0512 0.596 -0.02 0.414 0.522 0.01
# 014 Hai014 0.336 0.448 0.23 0.579 0.658 0.22
C8605-2 0.407 0.494 -0.03 0.503 0.546 0.01
434 - - 0.21 0.455 0.512 0.11
73 46 Dong46 0.365 0.452 0.13 0.524 0.492 0.13
8902 0.455 0.563 0.00 0.419 0.501 0.30
8112 0.376 0.490 0.09 0.474 0.511 0.07
515 0.454 0.668 0.17 0.381 0.477 0.15
5237 0.411 0.487 0.07 0.422 0.486 0.25
698-3 0.403 0.545 0.19 0.390 0.453 0.16
F§21-3 Nan21-3 0.251 0.351 0.05 0.493 0.544 0.11
%28 Lv28 0.315 0.444 -0.04 0.420 0.503 -0.07
J} 598 Dan598 - - - 0.354 0.438 0.25
7% C546 Za C546 0.396 0.542 0.30 0.309 0.431 0.05
JJ 340 Dan340 0.358 0.458 0.05 0.271 0.338 0.03
SFHIE Mean 0.581 0.676 0.137 0.597 0.685 0.129
AR CV(%) 29.2 24.9 81.1 24.6 238 84.1

F-BFa, b 4R R E A BT RN SOV AR, B RS IEE A T TSR L, SFW: /EWEFE, SDW: /EYFE, LTD:
W2 o SRRAE Tl T R R 2 B A T R 59 T B

The letter a and b represents the fresh biomass and dry biomass reaction to drought stress, the ratio of drought treatment to control condition. SFW: shoot fresh
weight, SDW: shoot dry weight, LTD: leaf temperature difference. Missing values were mainly caused by no germination and weaker growing



2196 H &k B2 42 4

W f9: 00~11: 30 RALZLLAMAK . by T kSR
JCEFER, ARl =T BN T EE G 80%I(1)
HERARY, ORAUE T —1k. B AR5 K&
XTI 2 MR UCR AR B, BEHCR AR 4 IR Fam L
AMNBESK B TR E 7 I RE RS S, i B ORI
FF (BERBAY 0.8 m ZeA7) AT, [FIREEA
AR AT B R FA AL B Gt A7 R 14 frd 2L
Sh % (IR digital image, IMG) , Bl hdg—A
MBI EAR ARG R R A AR R
ThermaCAM Researcher 2002 #cE3EA TR 734 . i
ARG G IR RS W AR, XL LA B e R
FREEAEMT, AT BT A 2 LU IR 1l &
RGN E T ARIEAN I Fr B
1.4 E£YERNE

RBUE LU 2 5, K 25500 By, s
FrAF A . AR5 5 T 105°CHA T 4475 30 min,
ke T 75 CHEFE R 48 h J il e A=) T
1.5 SFBE (SC) R#ZEREE (TR) BINE

SR AN A 2 S Bk — AN R BA I b2k
AT KM AL BRI o P TR 1) 85 38
SEAEIFHIATINE, 3 RER . IR RE
L1-1600 ZUARAS AL HIl o 28 5 DA S AL T B o
1.6 HiESH

AWK TS50 QER KRR [
R ZE S, AR R AR R AT A b .
7% (leaf temperature difference, LTD) & X b T KA
FAEKAIME S IEHE K PaRESAT T ZE . Heh
i} 5 A SRR dn A 6 2 (shoot fresh weight, SFW)
DL AT (shoot dry weight, SDW) TSR i 52
¥ (drought tolerance index, DTI) , BITF5I1E%
RER AT T I LEAEBEAT 7047 f8H] SAS PROC GLM
T2 (SAS 8.2, SAS Institute, 1999—2001) X} FK
HAZ RIS R T 7 22 00 M. AR & IR I (E
T 2K B AZ AR AN Le B AAR S 734t

2 HRESH

2.1 FTEEXBXZAEHAEZT
EMERRI S
TKRAZRTAAY R CEYEEE, A9

I T R AL RY TR 1. A A58 R At

H AT ER R RN AR R, T 24

IRE Ty 22T 45 AR WIZK 4 Bl Ab B i % W 2 b e

M oK HAS R, 5 FAC R M) AP &= i

B EMTHEK

RECYRI T BE 7 70k (P<0.0D) o« WA R REL
KB, T AR BRI H AT 5 R )AL S R I Sl Aon] B CIE
WHEAD MBREZE CBdERSIHD o AR
% Lx9801. i% 31413, H21. S22. 5003. KJU. %
C. ¥EFPY. $HHPU. K 653 LR T 5 s AR X
Ay, AEYEEE T EAR RS A 0.716~
0.997 i1 0.836~0.969; i 14 & 8902, 8112, 515,
5237. 698-3. P4 21-3. jiic 28 S} 598. #% C546.
340 SEFMIFRILH T AR AR M EY) i, AR E T
FAS S 29 4 0.271~0.455 1 0.338~0.563. L
B2 R IAE LR IR L K AR R AAES ) 2
(VT SO S 2 S, T SR SR ) R OK RS R
55 11 F AT R AT K53 e 25 10 Be % DR 35 B s 1K A2 )
&, HFNAERFASEKKE .
2.2 BEFmANFBREGEEMHEESHBENMEN

XH&R

RIS 1 I £ A0 A AN S Pk 4 I 8] A
2005 £ 9 H, W@ A =i 21~26°C . IR 2
MEw a4 2006 4 4 H, W WAl =5 24~
30°C. 2 KRB 9: 00~11: 30 HEATIELL AN
BERAE, W IRIPR S B Tty il R
BT 1212 o ARRIG K AN T 5L AN [F) A BEAH 4B T3CE
LR R 5 A B 5 1 K A R e i 2 A AT 4
Brs ol T R TR ST TR 1T 52 21 P PR A58 S T s 1)
S, T HL 21~30°C AL G B LU OE A R A
K, FORAILTT AR TR, AE AT 50 iU <
FLAB AR 5 RS il AR A O B AL 22 e, A
TTARTIE T %A 35 DRI R PR A 25000 228 R 68 o

A LA AR A B CBD 150 #T, i
W2 AR RIARI T RE WA, BR800 5
) 8L.1%AN 84.1%. J5 2243 HT R HAZ &R IR 5 447 [A]
Bk 2 T RFEACE, UL AR X R 25— 2 15
2 UGREG R IN, A AR R R IR AT IR 11 A8 & I il 22
HAT AR i A A, AR PR S IR ), 1X B
ZEFIAE 0.45°C L L,  HAEBISERNAR K ik 3] T
W F K CBdERSA ) » RWIHAMEGH AR
A A5 S 1A 3 i S R

FIH SAS KM TR T T 25 WK
PER L2 SR A . IR L R . A 2
S IAH G R A WARIRE AR i A ) T R R 3R
T T M & I IEA SGPE (0.91%%, 0.95%*, n=83) .
- 228 S AR AE YA (0.283%, 0.288**, n=83)
FARX A TE (0.239%, 0.273**, n=83) [A]t &I



6 1] R He T LA R R AR 5 K ETII SEET 2197

29.5C

245C

FOIER K AT R 87-1 WL AMAIE, (BN B (0 AR AN LA . a A b 233 R /K M Rl 4 1 N AMIE H AR 41 1 87-1 FIZE4L

SR, AR PSSR B A BT A A A AR A

The different color point in the palette represents different temperature value. The figure a and b represent the thermal figure of 87-1 under water-stress
condition and well-watered condition, respectively. Leaf temperature varied obviously under water- stress (a) and well-watered (b) conditions
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Fig. Thermal images taken by thermaCAM SC3000.

TR AOCE . K AACR R 22O, AT
A, AETESZ K A I R AR O 1 E K
b PR YR AR AE D 0. R 2 I KA RS
LA, oK S0 Pl S 1 S R W B B A A A
—OEMIRAR, ER TR, AR R Wi —
SERERE ERE WA RIAR BV R RN
2.3 MASILSEREERESITEE. EMEMXR
AR T 300 TE 8 AR BT AR AT BRI K B
D, B2 I R PEAD B 10 5 A4S HAZ AR B EF DY

446, W 414, TEHPUL S0 31413 DK R AR
5910 5 AN A FR AR 46, C8605-2, il 28+ Fj 21-3.
340 Lot 10 A FOK H A RAAT T AFL T B S 2 NG i
AR o AALAT R DA R 2 M 5 82 1) 2 e 7 B 5 2R
W 2. Ji 2 W R BAAL 3 B DA S 280G i =2 K 4y
R IE S AIL B T B AT o AR AR R IR
TF I 1 A 2R 5 AEDRT A 40 AR AR 2 1 1 A AR AR AL
5 DA S ZE I B AT 2 YGRIE T I 0 B
FWES (£3) .

#2 ARBXASMEFXANEERERNMERERETRRY
Table 2 Drought tolerant index and coefficient of variance of physiological traits of maize inbred lines in two experiments

AR R4 X% 1 Experiment 1 X5 2 Experiment 2
Inbred fine LS SCt M TR LG SC° I TR
TEEFPY Huangyesi 0.507 0.545 0.746 0.768
446 0.554 0.589 0.686 0.694
W 414 Yandl4 0.565 0.598 0.656 0.660
# 5 PY Huangzaosi 0.609 0.630 0.560 0.593
1 31413 Wenhuang31413 0.402 0.434 0.525 0.581
% 46 Dong46 0.616 0.671 0.839 0.816
C8605-2 0.639 0.697 0.972 0.993
Jik 28 Lv28 0.741 0.769 0.679 0.703
B 21-3 Nan21-3 0.529 0.562 0.722 0.602
JJ 340 Dan340 0.624 0.652 0.703 0.705
B Mean 0.579 0.615 0.709 0.712
5 RE CV(%) 15.7 15.0 18.1 175

T a, b A AR AL T B S I SR (N R SOV, BB S E LN BTN U I L (E
The letter a and b represents the stomatal conductance and transpiration rate reaction to water stress, the ratio of drought treatment to control condition. SC:

stomatal conducatance, TR: transpiration rate
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Table 3 F value in joint ANOVA of various traits in two experiments

A SRR H B/ ey YT E -3 7 ] LGS M RS
Source DF SFW SDW LTD DF e TR

X 4L (4F43)0E Block (year) 2 0.52 0.81 2.52 2 4.06* 4.69*
A ZIA] Inbred lines 82 1.48** 1.50%* 2.19%* 9 3.48* 4.21*
AEA31A] Year 1 0.22 0.38 3.93* 1 9.16%* 10.29**
A& X 4EHY Inbred*year 77 0.75 0.69 1.56* 9 0.98 0.95
iRZE Error 215 25

A Total 377 46

*xx A BARE 0.05 K 0.01 KF L. TR

*** represents significant at 0.05 and 0.01 level, respectively; DF: degree of freedom

x4 EREXRFR 2 XA E ST RHEXERE LS

Table 4 Correlation among traits related to drought tolerance in maize inbred lines

g 2

A5 1 Experiment 1

Experiment 2 AYEET SFW YT SDW SALTHE sC B TR W% LTD
Al SFW 0.991** -0.610* -0.643* 0.602*
4T SDW 0.969** -0.555 -0.591* 0.624*
SIS SsC -0.361 -0.321 0.992* -0.576*
MR TR -0.230 -0.192 0.929 -0.578*
HiR% LTD 0.646* 0.615* -0.375 -0.338
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